Background: Although Norway is well known for its early use of telemedicine to provide services for people in rural and remote areas in the Arctic, little is known about the pace of telemedicine adoption in Norway. The aim of the present study was to explore the statewide implementation of telemedicine in Norwegian hospitals over time, and analyse its adoption and level of use. Methods: Data on outpatient visits and telemedicine consultations delivered by Norwegian hospitals from 2009 to 2013 were collected from the national health registry. Data were stratified by health region, hospital, year, and clinical specialty. Results: All four health regions used telemedicine, i.e. there was 100 % adoption at the regional level. The use of routine telemedicine differed between health regions, and telemedicine appeared to be used mostly in the regions of lower centrality and population density, such as Northern Norway. Only Central Norway seemed to be atypical. Twenty-one out of 28 hospitals reported using telemedicine, i.e. there was 75 % adoption at the hospital level. Neurosurgery and rehabilitation were the clinical specialties where telemedicine was used most frequently. Despite the growing trend and the high adoption, the relative use of telemedicine compared to that of outpatient visits was low. Conclusions: Adoption of telemedicine is Norway was high, with all the health regions and most of the hospitals reporting using telemedicine. The use of telemedicine appeared to increase over the 5-year study period. However, the proportion of telemedicine consultations relative to the number of outpatient visits was low. The use of telemedicine in Norway was low in comparison with that reported in large-scale telemedicine networks in other countries. To facilitate future comparisons, data on adoption and utilisation over time should be reported routinely by statewide or network-based telemedicine services.
Background
Telemedicine can improve access to healthcare services, especially in sparsely populated and less developed regions, by facilitating contact between patients and providers. Telemedicine has been widely tested over the past 20 years and represents a viable and significant adjunct to the delivery of healthcare [1] . However, adoption into routine practice has been slower than anticipated [2] , and evidence for its effectiveness [3, 4] and cost-effectiveness [5] is still limited. Nevertheless, results are improving and several telemedicine applications appear to be promising candidates for widespread use [6] . The widespread deployment of telemedicine might improve quality of life, raise productivity in the health sector [7] , avoid travel to underserved populations [8] , and contribute to the sustainability of national health systems [9] .
Norway has 5 million inhabitants who are spread over nearly 400,000 square kilometres, making it one of the most sparsely populated countries in Europe [10] . The responsibility for specialist care lies with the state, administered by four Regional Health Authorities (Northern, Central, Western, and South-Eastern Norway). Each region operates a number of public hospitals (Fig. 1) . Municipalities are responsible for primary care. Private specialist health facilities are invited as partners to the system on a contractual basis [11] . Despite having one of the highest densities of physicians in Europe, Norway still struggles to ensure geographical and social equity in access to healthcare [12] .
Norway is well known for its early adoption of telemedicine to provide services for the population in rural and remote areas in the Arctic [13] . Telemedicine applications have been tested since the early 1990s in the form of pilot projects or small-scale services, some of which have become fully operational [14] . Telemedicine was initially provided as a routine service only to a minor degree, with variations between health regions, but gradually several telemedicine services became ready for largescale implementation [15] . Recently, adoption of telemedicine was reported in all health regions and most hospitals in Norway. However, the level of use was low [16] .
Providing access to telemedicine does not mean that the services will be used to capacity [17] . More efforts are required internationally to provide evidence and data about the deployment of telemedicine [7] . The aim of the present study was to explore the statewide implementation of telemedicine services in Norway over time, to analyse the adoption and level of use of telemedicine by health region, by hospital, and by clinical specialty, and to examine the hypothesis that routine telemedicine is mainly used to increase access to healthcare services in remote areas. A secondary aim was to perform an international comparison of the level of telemedicine activity in Norway with other statewide telemedicine networks.
Methods

Data collection
Data on the use of routine telemedicine in Norwegian hospitals were collected from the Norwegian Patient Registry (NPR). The NPR is the central health registry created in 1997 by the Norwegian Directorate of Health to provide data for planning, evaluation, and financing of publicly funded specialised healthcare, as well as for medical and health services research [11] . Data registered in the NPR cover inpatient and outpatient care delivered by publicly funded hospitals. Only telemedicine consultations for which hospitals are reimbursed are included. In Norway, a 'telemedicine consultation' is defined as the use of videoconferencing to perform an outpatient consultation, examination, or treatment at a distance. To be registered as a telemedicine activity, a consultation must occur: a) via videoconferencing equipment, meaning that patient and health personnel can see each other through video transmission, b) in real-time, c) between the patient and at least one health professional, of whom at least one is a doctor, from two different physical locations [18] . The use of store-and-forward telemedicine, including the transmission of still images or remote monitoring of a patient's health parameters, is not covered by any reimbursement scheme in Norway. Contacts occurring by telephone, SMS, or similar means are not considered to be telemedicine consultations. The reimbursement for a telemedicine consultation is equal to that of a traditional outpatient visit.
We sent a formal request to the NPR in April 2014 to obtain data on the telemedicine consultations delivered by Norwegian hospitals from 2009 to 2013. Data related to the outpatient visits were also collected as a means of comparing telemedicine activity with overall hospital activity. The study did not involve human participants, and no personally identifiable data related to individuals were collected. Ethics approvals from the Regional Ethics Committees and informed consents were therefore not required, according to the Norwegian Health Research Act and the Personal Data Act. The Norwegian Directorate of Health approved the request and delivered completed data in November 2014.
Data analysis
Outpatient visits and telemedicine consultations were stratified by health region, hospital, year, and clinical specialty. Adoption was expressed as the percentage of the number of adopters over the potential users [19] . Since telemedicine can be used to replace outpatient visits, the proportion of telemedicine consultations over the number of outpatient visits was also calculated. The remoteness of each health region was measured through two indexes used to assess the peripherality of Norwegian municipalities: the centrality index (scored 0-20) and the population index (scored 0-10) [20] . Centrality describes the geographic location of a municipality based on the size of the largest urban centre that can be reached within a given travel time. The population index is based on the population density of a municipality. Low values correspond to more isolated and less populated areas, respectively. The indexes for each health region were calculated as the median of the values of all municipalities belonging to that region. Hospitals were arbitrarily stratified by size according to the number of outpatient visits delivered in 2013. Small hospitals had less than 50,000 outpatient visits per year, medium hospitals had 50,000 to 200,000 outpatient visits, while large hospitals had more than 200,000 outpatient visits. Clinical specialties were also arbitrarily stratified by size according to the number of outpatient visits delivered in 2013. Specialties with less than 50,000 outpatient visits per year were considered as low activity, specialties with medium activity had between 50,000 and 200,000 yearly outpatient visits, while high activity was considered as more than 200,000 outpatient visits.
There is a lack of agreed standard measures to calculate telemedicine activity, which makes international comparisons problematic [17] . The number of consultations per site per week has been proposed as a metric to measure telemedicine service use [21] . However, sites may differ in terms of healthcare providers and population served. We selected studies reporting telemedicine activity as the number of telemedicine consultations per year, and compared that to the population served by each telemedicine network. We then calculated the pro capita rate of telemedicine usage. Growth rates were lower in South-Eastern Norway (9.5 %) and Northern Norway (9.4 %).
Results
Adoption and use per health region
All four health regions reported the use of telemedicine during the 5-year period, i.e. there was 100 % adoption at the regional level. However, there was a decline in the overall number of telemedicine consultations from 2009 to 2010 (Fig. 2) . After 2010 there was a steady increase until 2013. Overall, the number of telemedicine consultations in 2013 was 4.9 % higher than in 2009.
The use of routine telemedicine differed between the health regions (Fig. 2) . Western Norway was the only region in which the number of telemedicine consultations increased continually during the study period. The use of routine telemedicine seemed to be higher in regions characterised by a lower centrality (Table 1) . Similarly, telemedicine appeared to be used to a greater degree in scarcely populated regions. Central Norway seemed to be atypical, using telemedicine less than expected in relation to centrality and population.
Adoption and use per publicly funded hospital
The number of outpatient visits grew for almost all hospitals over the 5-year period (Table 2) . Growth rates ranged from 3.1 % to 63.1 %. Only two hospitals had a change lower than 1 %.
Twenty-one out of 28 hospitals reported that they had used telemedicine in at least one year during the period 2009-2013, i.e. there was a 75 % adoption at the hospital level. However, not all hospitals used telemedicine continuously over the study period Eleven hospitals delivered more than 50 consultations for at least one year from 2009 to 2013. All the four hospitals in Northern Norway were active in delivering telemedicine over the 5-year study. Three hospitals increased steadily their activity over the period, 7 experienced a decline, while 1 had a variable trend. Helse Stavanger had a large increase of telemedicine activity, with a level in 2013 more than 12 times higher than in 2009, compared to a growth rate of 22.5 % for outpatient visits. This hospital is mainly responsible for the growth trend characterizing Western Norway and the overall national trend as well. Helse Finnmark also increased considerably its telemedicine activity, with a level in 2013 more than 4 times higher than in 2009. This is a medium-sized hospital whose overall outpatient visits grew only by 7.3 % during the same period. Finally, Sunnaas sykehus is a small-sized hospital specialised in rehabilitation. This hospital did not have any telemedicine consultations in 2009, very few in 2010 and 2011, while in 2012 and 2013 the activity was much higher.
Comparing the number of telemedicine consultations to the number of outpatient visits, Sunnaas sykehus was the hospital which performed best, reporting in 2013 a relative use of telemedicine of 3.51 % of all outpatient activity, consisting mainly of rehabilitation visits. That is, the hospital has been replacing outpatient face-to-face visits with remote consultations performed via videoconferencing. Helse Stavanger, the most active hospital delivering telemedicine, reached a relative use of 0.58 % of the overall outpatient activity. Despite this remarkable growth, the level was still low compared to the number of outpatient visits, indicating great potential for using telemedicine to replace traditional outpatient visits. Of the other hospitals, Universitetssykehuset i Nord-Norge had a modest relative use of telemedicine in 2009 (0.61 %) compared to outpatient visits. However, this declined in the following years.
Adoption and use per clinical specialty
The results show that the use of routine telemedicine differed significantly from region to region, and was only used by some of the Norwegian hospitals. Table 3 shows the overall activity in terms of outpatient visits and telemedicine consultations in the period from 2009 to 2013 stratified by clinical specialty. Data are ordered by relative use of telemedicine compared to the overall outpatient activity in the final year, that is the proportion of telemedicine consultations over the total number of outpatient visits in 2013. Neurosurgery and rehabilitation were the clinical specialties where telemedicine was used most, with a relative use in 2013 corresponding to 2.23 % and 0.79 %, respectively. Neurosurgery can be considered as a clinical specialty with a low activity, which appears to be suitable to the use of telemedicine to deliver visits remotely. Early in 2009 over 5 % of all outpatient visits in neurosurgery were delivered via videoconferencing. The use decreased during the following years. Rehabilitation is a clinical specialty with a high level of activity in terms of outpatient visits.
Looking at the number of telemedicine consultations in this field, there was a steady growth over the 5 years, and the level in 2013 was almost 4 times higher than in 2009. Rehabilitation became largely the most common clinical specialty in telemedicine. Apart from neurosurgery and rehabilitation, only six other clinical specialties recorded more than 100 telemedicine consultations. These included eye diseases, endocrinology, cardiovascular diseases, neurology, children's diseases, and skin and venereal diseases. All these specialties, however, experienced a decline in the number of telemedicine consultations occurred from 2009 to 2013. Table 4 summarises data from eight different telemedicine networks providing consultations in multiple specialties [17, [22] [23] [24] [25] [26] [27] [28] in addition to the data from Norway. The pro capita rate of telemedicine varied from about 1 consultation per year per 1000 persons to over 20 in the largest and well-established telemedicine networks. Figure 5 compares the level of activity in the different statewide networks to the size of the population served by each network. It is apparent that the larger is the population served, the larger is the telemedicine network in terms of sites, and the higher is the telemedicine service usage. This might be explained by the presence of economies of scale. The data can be fitted by a sigmoid curve. While most of the telemedicine networks still have a lower level of activity, the Veterans Health Administration Telehealth Network [22] , the Ontario Telemedicine Network [17] and the Alaska Federal Health Care Access Network [26] seem to have succeeded in scaling up both adoption and use of telemedicine. The large telemedicine operations employ both store-and-forward technology and videoconferencing.
Discussion
Overall trend of telemedicine
The present paper reports unique statewide data on the routine use of telemedicine in Norwegian hospitals over a 5-year period. The number of telemedicine consultations increased and followed a similar trend to that of outpatient visits. This presumably reflects the increase of the population and their health needs. An overall growing trend in the delivery of telemedicine has been described in other studies reporting statewide or network-based data over time. Since 1994, telemedicine has become an integral part of the Veterans Health Administration in the United States. Data show a continuous increase in the number of veterans served by telemedicine over 20 years as well as in the number of telemedicine consultations. Telemedicine activity followed an S-shaped innovation curve [22] , confirming the hypothesis that telemedicine adoption follows the growth curve typical of health technologies and other innovations [6] . The Ontario Telemedicine Network, the largest telemedicine service provider in Canada and one of the largest in the world, facilitates access to medical care in areas that are often underserved. The number of telemedicine consultations increased in all four Ontario regions from 2008 to 2013, with higher rates in rural North Ontario [17] . The Municipal Department of Health of Belo Horizonte, Brazil, established a telemedicine program in which specialist support was offered to primary care providers. The number of store-and-forward consultations grew from 2006 to 2009 [29] . The African Francophone Telemedicine Network was established to improve access to medical care in the rural Altiplano region of Bolivia, serving a population of about 200,000 inhabitants. The number of telemedicine consultations increased from 2011 to 2013, reaching a yearly average of 700 consultations [23] .
Activity decline in 2010
The data from Norwegian hospitals showed a considerable reduction of telemedicine consultations in 2010. This observed decline might be due to organisational factors [29] , such as lack of resources [30] , or state-level policies, including reimbursement [31, 32] . In 2009 the Norwegian Health Network was established to provide an infrastructure for secure communication in the health sector in Norway. The implementation and temporary transition to this statewide network might explain the decline of telemedicine in 2010. Another factor to be considered is the nature of the telemedicine consultations. Similar studies showed increased use of storeand-forward consultations over time, while real-time consultations via videoconferencing become less frequent [33, 34] . In 1996, Norway became the first country to implement an official telemedicine fee, without distinction between video and still image solutions [14] . In 2008, however, reimbursement for store-and-forward telemedicine was discontinued, and only telemedicine consultations performed via videoconferencing were reimbursed. While store-and-forward telemedicine appears to be efficient and suitable in routine clinical practice, a lack of reimbursement represents a barrier to its use. We believe that a revision of the current reimbursement policies might create incentives which would result in a wider use of telemedicine by Norwegian hospitals.
Adoption of telemedicine
Adoption at the regional level was 100 %, that is, use of telemedicine consultations was reported in all four health regions during the period 2009-2013. The results confirm the hypothesis that telemedicine is mainly used to increase access to healthcare services in remote areas with underserved population. Twenty-one out of 28 hospitals reported using telemedicine, i.e. there was 75 % adoption at the hospital level. Thus adoption of telemedicine by Norwegian hospitals appeared to be high, both at regional level and at institutional level. Only a minority of late potential users [19] have still to adopt telemedicine. All the four hospitals in Northern Norway were active in delivering telemedicine over the 5-year study. This might be explained by the higher needs for delivering services remotely due to barriers related to distance and transportation difficulties such as in Northern Norway. Most of the hospitals delivering telemedicine were based in regions characterised by higher remoteness. Adoption rate by percentage of physicians who used the store-and-forward consultations in Belo Horizonte, Brazil, reached 6 % at network level and 18.5 % at district level. Of the adopting physicians, some stopped using telemedicine, while a few remained responsible for most telemedicine consultations [29] . All 21 geographical regions from the Veterans Health Administration Telehealth Network used teledermatology in 2014, with 4 of them collectively reporting 51 % of the patient encounters [34] . The presence of "heavy users" is confirmed by the data from Norway, where only a few hospitals delivered more than 50 telemedicine consultations per year. In the United States, the distribution of telemedicine-related costs covered by Medicare varies across states, services, and specialties. This suggests that factors other than simply rurality or need have driven adoption [35] .
Use of telemedicine
Despite the growing trend and the high adoption, the relative use of telemedicine compared to that of outpatient visits was low. Hospitals in Norway therefore appear not ready yet to replace a substantial proportion of outpatient face-to-face visits with remote consultations. Medicare has been a key payer for telemedicine in Fig. 5 Telemedicine activity in nine statewide networks compared to the population served. The fitted line is a sigmoid. Networks mainly using videoconferencing are shown with red symbols; networks using both videoconferencing and store-and-forward telemedicine are shown with blue symbols. The square symbol represents Norway the United States since late 1990s, but telemedicinerelated costs remain a relatively miniscule part of overall expenditures [35] . A recent report identified six important prerequisites for successful implementation of telemedicine: 1) the national plans exist, but are not well enough coordinated and not supported by sufficient resources; 2) access to a secure communications infrastructure is to a great extent in place; 3) the use of standards is not mandatory; 4) the implementation of Electronic Health Records is very good, but interoperability should be improved; 5) laws should be adapted to the modern way of working; and 6) reimbursement for new ways of health service delivery is not in place [36] . Norway still has some way to go in its use of telemedicine. For example, if it had the same pro capita rate of telemedicine usage as in the Ontario Telemedicine Network [17] , the use of routine telemedicine in Norway would increase from 2879 to 78,213 telemedicine consultations every year, almost 30 times more than the current value.
Telemedicine can be used to replace referrals to an outpatient clinic [37] , thus reducing travel [8] and unnecessary hospital accesses [38] , especially to those living in remote areas. However, it is difficult to estimate the proportion of outpatient visits which could be potentially replaced with telemedicine consultations, since there have been no reports to date of the largescale use of outpatient telemedicine. It is unlikely that all outpatient visits in all specialties can be replaced by telemedicine visits. On the other hand, there is evidence that in some specialties, substantial numbers of visits can be avoided. Wootton et al. estimated that approximately half of all outpatient visits could be avoided in dermatology [8] . Jaatinen et al. found that a similar proportion of internal medicine and geriatric visits could be avoided in Finland [37] . McGill et al. found that 13 % of visits to a rural fracture clinic in Queensland could be saved by use of telemedicine [39] . If telemedicine was used in just 10 % of all outpatient visits in Norway, this would equate to about 500,000 telemedicine consultations per year, suggesting that there is room for about 100 times as many telemedicine consultations in the future.
Conclusions
We examined telemedicine adoption in Norway, exploring its level of utilisation overall, by health region, hospital, and clinical specialty. Adoption of telemedicine is Norway is high, with all the health regions and most of the hospitals reporting using telemedicine. The hospitals delivering telemedicine are mostly based in regions characterised by lower centrality and population density. Use of telemedicine has increased over the past five years. However, its relative use compared to the number of outpatient visits is still low. An international comparison shows that only few statewide telemedicine networks seem to have succeeded in scaling up both adoption and use of telemedicine. The present study provides new insights regarding the uptake of routine telemedicine delivered in a large scale. To facilitate future comparisons we recommend reporting data on adoption and utilisation over time from other statewide or network-based telemedicine services.
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